Background and Purpose-There are limited and conflicting data on gender differences in clinical outcomes among patients with symptomatic intracranial arterial stenosis. This study examined gender differences in patients enrolled in the Warfarin-Aspirin Symptomatic Intracranial Disease (WASID) Study. Methods-Participants were 569 men and women with symptomatic intracranial arterial stenosis. They were followed-up for the occurrence of ischemic stroke and the combined end point of stroke or vascular death from February 1999 through July 2003 (mean follow-up, 1.8 years). Results-Two-year rates of the primary end point were 28.4% and 16.6% for women and men, respectively. Cumulative probabilities of the outcomes over time were estimated by the Kaplan-Meier product-limit method and were compared between men and women with the use of the log-rank test. Cox proportional hazards regression analyses were used to estimate the hazard ratio of gender (women to men) for ischemic stroke and for the primary end point. The probabilities of ischemic stroke (Pϭ0.005) and of the combined end point of stroke or vascular death (Pϭ0.017) over time were significantly higher in women than men. Women had a greater multivariate-adjusted risk for ischemic stroke (HR, 1.85; 95% CI, 1.14 to 3.01; Pϭ0.013) and for the combined end point of stroke or vascular death (HR, 1.58; 95% CI, 1.01 to 2.48; Pϭ0.045). Conclusions-Women with symptomatic intracranial arterial stenosis are at significantly greater risk for ischemic stroke and for the combined end point of stroke or vascular death. These findings suggest the need for vigorous screening of risk factors and for aggressive management of risk factors and stroke in women. They also suggest the need to ensure adequate numbers of women in clinical trials designed to explore new and promising therapies for intracranial arterial stenosis.
I
ntracranial arterial stenosis is a significant risk factor for vascular events, having been implicated as a causal factor in 8% to 10% of all ischemic strokes, [1] [2] [3] and as a major factor in recurrent stroke and vascular mortality. 4, 5 The burden of intracranial stenosis is not equally distributed across demographic strata. The disease has been reported as more common in blacks, Hispanics, and Asians than in whites, 3, 6, 7 and as more severe in blacks and Asians. 8, 9 The risk of intracranial stenosis increases with advancing age. 7 There are also reports of gender differences in the prevalence and severity of intracranial stenosis, but those studies are few in number and provide conflicting results. In a review of early clinical studies, a female preponderance of intracranial stenosis and a male preponderance of extracranial disease were reported. 6 However, more recent clinical evidence has indicated a male preponderance of intracranial stenosis. 2 Moreover, data from early autopsy series indicated that cerebral atherosclerosis (both intracranial and extracranial) was more prevalent and more severe in men, particularly between the ages of 40 and 60. 10, 11 An additional autopsy study showed that the degree of endothelial surface involvement by raised intracranial atherosclerotic lesions was greater in men at nearly every age. 12 Compounding the limited data on gender differences in the prevalence and severity of intracranial stenosis is the paucity of data on gender differences in clinical outcomes among patients with this disease. To address this issue, the current analysis examined gender differences in the risk for outcome events among patients enrolled in the Warfarin-Aspirin Symptomatic Intracranial Disease (WASID) Study. 1 In view of a male preponderance of intracranial atherosclerosis in most previous studies and population-based evidence of a higher incidence of stroke 13 and higher rates of stroke recurrence in men than in women, 14 we hypothesized that men would have a greater risk for ischemic stroke and for the combined outcome of stroke or vascular death in WASID.
Materials and Methods

Study Population
Participants were 569 men and women who were enrolled in the WASID Study. 15 WASID was a randomized multi-site clinical trial performed in 59 medical centers in North America (58 United States, 1 Canada) from February 1999 through July 2003. This trial compared the efficacy of warfarin versus aspirin for preventing stroke or vascular death in patients with symptomatic stenosis of a major intracranial artery. Details of the WASID study design and results of the comparison of warfarin and aspirin have been previously published. 1, 15 Patients were eligible to participate in WASID if they met the following eligibility criteria: 40 years of age or older; a transient ischemic attack or nondisabling stroke that occurred within 90 days before being randomized into the study; angiographically confirmed stenosis (50% to 99%) of a major intracranial artery (carotid siphon, middle cerebral, vertebral, or basilar); and a modified Rankin score of Յ3. Patients were excluded if they had 50% to 99% stenosis of the extracranial carotid artery tandem to an intracranial carotid or middle cerebral artery stenosis; nonatherosclerotic stenosis of an intracranial artery; an embolism of cardiac origin; a contraindication for aspirin or warfarin therapy; a requirement for heparin therapy on study entry; or a comorbid condition that predicted short-term survival (eg, Ͻ5 years). Each site's Institutional Review Board approved the study protocol and all patients gave written informed consent to participate.
Assessment of Baseline Characteristics
All baseline data were obtained on entry into the trial. Age, race/ethnicity, educational level, marital status, employment status, living arrangement, insurance status and type, physical activity levels, alcohol use, smoking status, and medical history were self-reported. The racial/ethnic designations were as follows: American Indian, Asian, black, Hispanic, white, and other. Race/ethnicity was assessed because of the well-known racial/ethnic disparities in the occurrence of stroke. A history of coronary artery disease was defined as having a history of myocardial infarction, history of angina, coronary angioplasty, or coronary artery bypass surgery. Values for lipid levels were obtained from the medical record if they had been measured within 90 days before enrollment in the trial. If this condition had not been met, these measurements had to be taken within 48 hours of the qualifying event or between 6 weeks and 4 months after the qualifying event because cholesterol levels may decline after acute stroke. Blood pressures were obtained from the right arm while the patient was in a seated position. Hypertension was defined as the average of 2 blood pressure readings taken 5 minutes apart with systolic blood pressure Ͼ150 mm Hg, or diastolic blood pressure Ͼ90 mm Hg, or use of antihypertensive medication. Diabetes was defined as at least 2 fasting venous serum glucose levels Ͼ125 mg/dL, or oral hypoglycemic medication use, or insulin therapy.
Assessment of End Points
Patients were followed-up for a mean of 1.8 years (maximum, 4.5 years). Endpoints were ascertained through monthly telephone contacts with patients or family members and 4-month clinical examinations by a neurologist who was blinded to the patients' study group assignment. All patients suspected of having a stroke underwent brain MRI or CT. 15 The 2 main outcomes considered in the current analysis were ischemic stroke and the combined end point of stroke events or death from vascular causes other than stroke. The latter was the primary end point in the therapeutic trial. The diagnostic criterion for ischemic stroke was a new focal neurologic deficit of sudden onset lasting at least 24 hours, unrelated to a hemorrhage on brain CT scanning or MRI. Death from vascular causes other than stroke included sudden death or death within 30 days after a myocardial infarction, pulmonary embolism, rupture of an aortic aneurysm, acute ischemia of a limb or internal organ, subdural or subarachnoid hemorrhage, or major systemic hemorrhage. Independent panels of neurologists and cardiologists who were blind to the participants' study group assignments adjudicated all study end points.
Statistical Analysis
Because there were no differences in the outcome of patients treated with warfarin versus aspirin in the WASID trial, all patients were included in this analysis. Baseline sociodemographic and lifestyle characteristics, comorbid conditions, family history of vascular disease, angiographic findings, and characteristics of the qualifying event were examined for differences between women and men. The 2 test (or Fisher exact test, when appropriate) was used to test differences in proportions for categorical variables. An independent sample t test was used to test differences in means for the continuous variables. Cumulative probabilities of the outcomes over time were estimated by the Kaplan-Meier product-limit method and were compared between men and women with the use of the log-rank test. Cox proportional hazards regression analyses were used to estimate the hazard ratio of gender (women to men) for ischemic stroke and for the primary end point adjusted for other factors. Four consecutively nested hierarchical regression models were fit for each analysis. Model 1 included gender only. Model 2 was adjusted for the standard stroke risk factors of age, race/ethnicity, history of hypertension, history of diabetes, cigarette smoking, and history of lipid disorders. Model 3 included model 2 factors along with the factors that were unbalanced between men and women in univariate analysis, which were marital status, alcohol drinking, physical activity, diastolic blood pressure, history of coronary artery disease, anterior versus posterior circulation, and qualifying event (TIA or stroke], body mass index). Model 4 included model 3 factors along with factors related to the primary end point (severe stenosis and time from qualifying event to enrollment) and stroke severity (NIH Stroke Scale). Statistical significance was set at an ␣ level of 0.05. All analyses were conducted using SAS version 8.2 (SAS Institute, Cary, NC).
Results
Three-hundred fifty men and 219 women were included in this analysis. The mean ages were 63.8 (SD, 11.5) and 63.2 (SD, 11.4) for men and women, respectively. Descriptive analysis of baseline sociodemographic characteristics indicated that women, compared with men, were proportionally higher black, unmarried, widowed, separated/divorced, unemployed, or living alone (Table 1) . Women were more sedentary but less likely to consume alcohol or to have ever smoked cigarettes (Table 2) . Regarding comorbidity, women had higher body mass indexes, and higher total and highdensity lipoprotein cholesterol levels. In addition, women were more likely to be free of coronary artery disease, and were more likely to have a family history of stroke and stenosis involving the anterior cerebral circulation, most likely attributable to increased stenosis of the middle cerebral artery (Table 3 ). There were no significant differences between men and women in the proportions with severe (70% to 99%) stenosis.
During the follow-up period, 59 combined end points (nonfatal/fatal strokes or nonstroke-related vascular deaths) were documented in women and 66 in men: the 2-year rates were 28.4% and 16.6% for women and men, respectively. Of the combined end points, 106 (8 fatal) were recurrent ischemic stroke events (53 in men and 53 in women), 3 hemorrhagic strokes (2 in men and 1 in women), and 16 nonstrokerelated vascular deaths (11 in men and 5 in women). The cumulative probability of ischemic stroke (log-rank test, Pϭ0.005; Figure 1 ) and of the combined end point of stroke or vascular death (log-rank test, Pϭ0.02; Figure 2 ) were higher in women than men, indicating that women had significantly shorter vascular-event free survival. In propor-tional hazards regression analyses, the HR for the genderischemic stroke association was statistically significant in the unadjusted model (HR, 1.56; 95% CI, 1.04 to 2.35; Pϭ0.033; model 1). The estimate remained statistically significant after full covariate adjustment and the magnitude of association was stronger (HR, 1.85; 95% CI, 1.14 to 3.01; Pϭ0.013; model 4; Table 4 ). These results indicate that women, compared with men, had an 85% greater risk for ischemic stroke-a risk that was not accounted for by the baseline features. The magnitude of association between gender and the combined end point of stroke or vascular death was nonsignificant in the unadjusted model (HR, 1.37; 95% CI, 0.94 to 2.00; Pϭ0.100) and became significant after multivariate adjustment (HR, 1.58; 95% CI, 1.01 to 2.48; Pϭ0.045; model 4; Table 4 ).
Discussion
Results from this analysis show that compared with their male counterparts enrolled in the WASID trial, women have a higher risk for recurrent ischemic stroke and for the combined end point of stroke or vascular death. In multivariate analyses, adjusting for sociodemographic features, lifestyle, vascular risk factors, angiographic findings, and features of the qualifying event, gender was independently associated with both outcomes, suggesting that these factors could not account for women's increased risk.
An explanation for our findings is complex and not easily disentangled. Female gender may be a proxy for other factors that are associated with a poor outcome. One such factor is social isolation. Women in this analysis were more likely to be unmarried, widowed, separated/divorced, or living alone. These attributes are markers for social isolation. 16 Social isolation adversely affects health, being positively associated with an increased risk for the onset of a first myocardial infarction, 16 cardiac and all-cause mortality, 17 stroke recurrence, 18 and death after stroke. 18 It is hypothesized that social ties buffer people from the deleterious effects of hardships, traumas, and trials. Social connectedness may also be associated with better compliance with medication, adoption of more positive health behaviors, and greater access to needed resources. 16, 18, 19 Female gender may also be a proxy for low socioeconomic status. Seventy-five percent of the women in our study had an educational attainment that was at or below high school. Sixty percent were unmarried, 30% widowed, 24% separated/ divorced, and 31% were living alone. A low educational attainment level and the state of being unmarried, widowed, separated/divorced, or living alone are highly correlated with a low socioeconomic status. Together, these sociodemographic attributes may be indicative of a group of women who occupy the lower socioeconomic status strata. Such an observation is important because a socioeconomic status gradient has been observed in the risk for stroke, 20 stroke management, 21 and poststroke mortality. 21, 22 Mechanisms for the well-known inverse association between socioeconomic status and health are not fully understood, but are thought to include reduced consumption of health information and lower levels of health literacy, more deleterious health behaviors, reduced access to resources, and greater exposure to psychosocial stress and depression. 23 It is important to note that women had a greater clustering of risk factors that were indicative of metabolic abnormalities (eg, high body mass indexes, hypertension, and diabetes) and those that portend increased risk based on sociodemographic features, lifestyle, and family history of stroke. Therefore, the results might have been due to a confluence of adverse baseline factors through which recurrent stroke and vascular death was the final common pathway.
Another potential explanation for the higher risk for stroke in women in this study is vessel size. Women may have smaller intracranial arteries than men, 24 which could pose a greater risk for stroke in the territory of a stenotic intracranial artery. Recent WASID analyses showed that women compared with men had a greater, although marginally statisti- cally significant, risk for ischemic stroke in the territory of the symptomatic intracranial artery. 25 Recent evidence of a gender-based survival bias among acute myocardial infarction patients may also help to explain the shorter vascular event-free survival among women. The findings have been conflicting at times, but studies have reported higher short-term mortality rates among women with acute myocardial infarction compared with men. 26, 27 The reasons for decreased short-term survival in women are not well understood. The greater incidence of diabetes in women and its adverse cardiovascular effects has been implicated. This hypothesis has been confirmed in some studies, 28, 29 but not in others. 30, 31 It is important to discuss the limitations and strengths of this analysis. A potential weakness is that data concerning lifestyle and medical and familial histories were self-reported and therefore are subject to the inherent biases of this method of data collection, ie, social desirability and inaccuracies resulting from poor recall. A strength of this analysis is the prospective data collection in the WASID study-a design that permits strong evidence of the relationship between gender and the outcomes. However, the generalizability of these findings may be limited since patients were mostly drawn from university medical centers and recruited according to strict eligibility criteria of a clinical trial. For this reason, replication in population-based studies is needed. Other strengths include the use of conventional angiography to assess intracranial stenosis and the use of objective criteria to determine the end points.
Compared with men, women with symptomatic intracranial arterial stenosis are at significantly greater risk for recurrent ischemic stroke and for the combined end point of stroke or vascular death. These findings are contrary to expectation and emphasize the need to shift our perception of gender disparities in cerebrovascular disease. Equally important, they call for action to reduce the stroke burden among women and to improve their chances for survival. Disability, dementia, and death are common stroke sequelae. Findings from our analysis suggest that the stroke burden in women might be particularly high.
There are other implications of our findings. They suggest the need to ensure adequate numbers of women in clinical trials designed to explore new and promising therapies for intracranial arterial stenosis. Clinically, they suggest the need for vigorous screening of risk factors and for aggressive management of risk factors and stroke in women. From a public health perspective, they suggest the need for more effective broad-based interventions directed at the primary prevention of risk factors. In the context of a generally poor prognosis for intracranial arterial stenosis and the current climate of uncertainty regarding optimal therapy, primary prevention of the risk factors is urgently needed. 
